“elgie 
* herd Cries 


presi Be 





" sy 
‘i Sarat: arg eta rated 0 Te Las 











JOURNAL OF DAIRY SCIENCE 





Votume XVII JULY, 1934 NUMBER 7 





THE EFFECT OF HEAT AND CHEMICAL STERILIZATION ON 
THE RUBBER PARTS OF MILKING MACHINES 


J. L. HENDERSON,: C. L. ROADHOUSE,? anp A. FOLGER’ 
University of California, College of Agriculture, Davis, California 


The literature does not cover completely the effect of heat and of the 
common chemical sterilizing agents on the life (period of usefulness) of the 
rubber parts of milking machines.* In some milk control areas, the law 
requires heat sterilization of all dairy equipment, including the rubber parts 
of milking machines. Because such requirements exist and because there is 
little information concerning the effect of both heat and chemical steriliza- 
tion on the life of the rubbers, a detailed study of this subject was included 
in an investigation of the sanitary operation of milking machines.’ The 
data reported are based on the operation of four units of a milking machine 
of one manufacturer* which were used for a period of two years in milking 
the Experiment Station herd. 


DETERMINATION OF THE LIFE OF THE RUBBERS 


The life of milking machine rubbers depends on several factors, such as 
quality and age, thoroughness of cleaning, and method of sterilization. In 
this investigation, factors influencing the life of the rubbers were kept as 
constant as possible. 

Rubber tubes and teat cup liners were assumed to be worn out when 
they no longer gave efficient service. Air tubes and short milk tubes were 
discarded when cracked or so stretched at the ends that they would no 
longer stay on the claws or metal teat cup shells. Teat cup liners were dis- 
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carded when they no longer were elastic enough to draw the milk rapidly 
or to stay on the cow’s teats. Occasionally they became cracked and were 
discarded. Throughout the experiment the discarding of rubbers -was de- 
cided upon by the same two persons in order to maintain a uniform stand- 
ard. Some dairymen might use the teat cup liners longer than the standard 
established in this investigation, but the rapidity of milking would be re- 
tarded thereby. 

The life of the long milk tubes depends largely on the number of times 
they are stepped on by the cows or are trimmed at the ends. With proper 
eare, they lasted approximately one year with both heat and chemical 
sterilization. 


EFFECT OF HEAT STERILIZATION ON LIFE OF RUBBERS 


Procedure.—After each operation, the milking machines were rinsed, 
taken apart, and brushed according to standard procedures.’ Once each 
week the teat cup liners were removed from the metal shells for thorough 
cleaning and inspection. 

The heating was carried out in a rectangular galvanized iron tank, in- 
side which was placed a sloping metal tray, held above the bottom of the 
tank by metal supports (figure 1). Beneath the tray was a perforated 




















Fig. 1. TANK USEp For HEaT STERILIZATION. 


1. Galvanized iron tank 12x12x50 inches. 2. Corrugated iron tray used to hold 
rubber parts. The sloping surface prevents air pockets in the long tubes and permits 
them to drain when the water is drained from the tank. 3. Cover of tank with hole at 
center for inserting a recording thermometer. 4. Assembled teat cups on tray. 5. Long 
milk tube on tray. 6. Steam connection to tank. 7. Drain pipe. 
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steam pipe, used for heating the water. In this tank the rubber parts were 
covered with sufficient water to maintain the desired temperature through- 
out the holding period. A metal cover was kept in place to assist in main- 
taining the temperature and to protect the rubbers from contamina- 
tion after the water was drawn from the tank following sterilization.. 

The temperature of heating and the length of time the heat was applied 
were checked throughout the experiment by a recording thermometer. The 
heat was applied in water according to the following procedures: 


1. Heating to 170° F., holding at that temperature for 20 minutes, and al- 
lowing the rubbers to remain in the heated water and to cool gradu- 
ally until the next milking time. 

Heating to 170° F., holding at that temperature for 20 minutes, and 
immediately drawing the water from the tank. 

3. Heating to 185° F., and then, without applying further heat, allowing 

the rubbers to remain in the water for 20 minutes before draining the 
tank. 


bo 


TABLE 1 
The effect of heat and chlorine sterilization on the rubber parts of milking machines 
(Machines were used and sterilized twice daily) 





CHLORINE 200 


| | ~~ > 
170° F. For 20 | | 185° F.—No P.P.M. IN 
MIN. LEFT 1N | 170° F. FOR 20) MORE HEAT | cogriLizING 
WATER BS- MIN. WATER | ADDED. WATER] pack. FRESH 
TWEEN MILK- | THEN DRAINED] DRAINED FROM| ~ cor prion 
Nes FROM TANK | TANK AFTER PREPARED 
| 20 MIN. DAILY 





Teat Cup Liners 





Life in weeks | 8 9 | 8 12 


Number of sterilizations 112 126 | 112 168 
Number of cow-hours operated | 729 819 729 1,092 


Number of sets of rubbers 
used in determining average 
life 6 4 | 6 4 





Short Milk Tubes 





Life in weeks 10 19 | 16 18 
Number of sterilizations 140 266 224 252 
Number of cow-hours operated 910 1,729 1,456 1,638 


Number of sets of rubbers 
used in determining average | 
' 








life 4 4 2 2 
Short Air Tubes 
Life in weeks ro" 20 24 23 25 per 
Number of sterilizations 280 336 322 cent re- 
Number of cow-hours operated 1,820 2,184 2,093 placements 
Number of sets of rubbers | after 30 
used in determining average | | weeks’ use 





| SEES DS ; | 2 | 2 2 
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The effect of these methods of sterilization on the life of the rubber parts 
is shown in table 1. The machines were operated on an average of 91 cow- 
hours per unit per week. 

Bacterial determinations of the sterile water rinsings of the assembled 
rubber parts and claws were prepared to check the efficiency of the various 
sterilization methods. The bacterial counts were satisfactory except when 
a temperature of 170° F. was used. At this temperature, thermophilic bac- 
teria developed, especially when the rubbers were left in the water until the 
next milking time. 

Results.—The heating of the milking machine rubber parts to 170° F., 
maintaining that temperature for 20 minutes, and then draining the water 
from the tank, showed an increased life of the rubber parts as compared 
with the method of heating and allowing the rubbers to remain in the water 
until the next milking time. The third method of heating the rub- 
bers (that is, to 185° F.), holding for 20 minutes without further applica- 
tion of heat, and then draining the tank, reduced the life of the rubber parts 
very slightly when compared with 170° F. for 20 minutes. This method 
offers the advantages of requiring only one application of heat and of re- 
ducing slightly more the bacterial count in the sterile rinse water used to 
check the efficiency of sterilization. Furthermore, the thermophilic type of 
organisms was eliminated by this method, as shown in table 3. 

Chlorine sterilization of the milking machines used twice a day was also 
investigated. Table 1 shows that with chlorine sterilization the life of the 
teat cup liners was 12 weeks; with heat sterilization, only 8 weeks. The 
strength of the chlorine solution used and its method of application are 
described under the procedure for chemical sterilization. 


EFFECT OF CHEMICAL STERILIZATION ON LIFE OF RUBBERS 


Procedure.—In the application of chemical sterilizers, the cleansing of 
the rubber parts was the same as that described under heat sterilization. 
The claws, teat cups, and rubber parts were then assembled ready for use 
and were placed on the sterilizing rack commonly recommended for chemi- 
eal sterilization (figure 2). The milking machines were operated and 
sterilized three times daily throughout the tests and were operated on an 
average of 252 cow-hours per unit per week. 

The hypochlorite solution was prepared as follows: one twelve-ounce can 
of chloride of lime was mixed with one gallon of water, covered, and al- 
lowed to stand in an earthen crock for fifteen hours. Then one hundred 
grams of tri-sodium phosphate was added to the filtered solution to render 
the solution more stable and to decrease corrosiveness. This stock solution 
was tested for strength by Fay’s method,’ and working solutions were pre- 
pared each day with water to give a strength of 200 p.p.m. 


7 Fay, A. C. Preparation, testing, and use of chlorine disinfectants. Kansas Agr. 
Exp. Sta. Cire. 160: 1-8. 1931. 
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Fic. 2. Home-MapE CHLORINE on SopluM HYDROXIDE STERILIZATION RAcK. 

A brown glass bottle should be used for chlorine solution in order to protect it from 
light. 

The sodium hydroxide (lye) solutions were prepared by dissolving 
sodium hydroxide flakes in water to make solutions with strengths of 0.3 
and 0.5 per cent. The sterilizer rack used was the standard one recom- 
mended for chemical sterilization of rubber parts. The results from the 
use of chlorine and of sodium hydroxide appear in table 2. 

Results——The treatment of milking machine rubber parts with chlorine 
of a strength of 200 parts-per million, with sodium hydroxide 0.3 per cent 
solution, each of which was used in the sterilizing rack, and with sodium 
hydroxide 0.5 per cent solution used in an earthen crock, showed that the 
0.3 per cent sodium hydroxide affected the life of rubber parts the same as 
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TABLE 2 
The effect of chlorine and lye sterilization on the life of rubber parts of milking machines 
(Machines were used three times per day ) 





CHLORINE 200 | NAOH 0.3 PER NaOH 0.5 PER 
P.P.M. USED IN CENT USED IN CENT USED IN 
STERILIZING STERILIZING EARTHEN CROCK 
RACK (CHANGED | RACK (CHANGED (CHANGED 

DAILY) DAILY) WEEKLY) 





Teat cup liners 











Life in weeks 11 11 10 
Number of sterilizations 231 231 210 
Number of cow-hours operated 2,772 2,772 2,520 
Number of sets of rubbers used in 


| 
determining average life 8 4 4 
| 





Short milk tubes 





Life in weeks 14 

Number of sterilizations 294 

Number of cow-hours operated 3,528 | 

Number of sets of rubbers used in 
determining average life 6 








Short air tubes 








Life in weeks 31 

Number of sterilizations 651 

Number of cow-hours operated 7,912 | 

Number of sets of rubbers used in 
determining average life 2 





did chlorine of 200 parts per million; that is, the teat cup liners gave 11 
weeks of service. With the use of sodium hydroxide 0.5 per cent solution, 
the life of the rubbers was 10 weeks. 

The results reported in table 2 were secured from three-times-a-day 
milkings, and the average life of the tea cup liners totaled 2,772 cow-hours 
of operation. The use of chlorine, as reported in table 1 in which the teat 
cup liners lasted 12 weeks, was based on twice-a-day milkings and a total of 
1,092 cow-hours of service. Evidently, therefore, the life of the teat cup 
liners is affected more by the number of weeks of service than by the number 
of cow-hours of operation. The same results were secured with chlorine 
sterilization of the short milk tubes and the short air tubes. 


EFFECT OF HEAT AND CHEMICAL STERILIZATION ON THE 
BACTERIA COUNT OF RUBBERS 


Procedure.—The bacteria count of the milking machine rubbers was 
obtained by rinsing the inner surfaces of the rubbers with sterile distilled 
water and then plating the water. The rinsings were carried out in the 
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following manner: The teat cups and long milk tubes were attached to the 
claws, and the assembled units were suspended from the sterilizing rack 
(figure 2). A sterile cork was inserted in the open end of the long milk 
tube. One hundred cc. of sterile water was then poured into the teat cups, 
and the assembled rubbers were shaken in such a way that the water came 
in contact with all parts of the inner surface of the rubbers. The water 
removed from the tubes was then plated with standard agar media. In 
certain instances media made of 15 grams of agar and 20 ec. of skimmilk 
per liter were used. Incubation of the plates was at 37° C. and 60° C. The 
higher temperature and the special media were used to detect the presence 
of thermophilic bacteria. 

Results—The results of the bacteria determinations appear in table 3. 
They show that of the heat sterilization methods used, the most satisfactory 
was the procedure of heating to 185° F., allowing the rubbers to remain in 
the water for 20 minutes, and then draining the water from the tank. 


TABLE 3 
Bacteria counts of sterile rinse water passed through assembled rubber parts 

















MEDIA AND INCUBA- | Oy nacTEnI; TER NUMBER OF 
TREATMENT OF RUBBERS TION TEMPERA- CC. OF RINSE SAMPLES 
TURES WATER PLATED 
Heat sterilization | 
170° F. for 20 minutes left in water | Standard 37°C, 125 96 
water between milkings Standard 60° C. 746 68 
*Special 60° C. 6,430 26 
170° F. for 20 minutes. Water _ Standard 37°C. 1l 10 
then drained from heating tank | Standard 60° C. 4,420 10 
Special 60° C. 350 10 
185° F. No more heat added, tank | Standard 37°C, 3 14 
drained after 20 minutes | Standard 60° C. 0 14 
Special 60° C. 0 14 
Chemical sterilization 
| 

Chlorine 200 p.p.m. used in steril- | Standard 37°C. | 45+ 114 
izing rack | Standard 60° C, 0 52 
0.3 per cent NaOH solution used in | Standard 37°C. 372 16 
sterilizing rack | Standard 60°C. | 0 16 
0.5 per cent NaOH solution in crock, | Standard 37° C, 148 18 
new solution used once per week | Standard 60°C 0 18 


| "| | 


* Special media for determining the presence of thermophiles consisted of 15 grams 
of agar and 20 cc. of skimmilk per liter. 

t Three high counts that occurred in warm weather in July are not included in this 
average. 
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Table 1 shows that this method does not shorten the life of the rubbers 
significantly when compared with heating at 170° F. for 20 minutes. The 
higher temperature also destroys the thermophilic bacteria, which appear 
to survive the lower temperature. 

When chlorine and sodium hydroxide were used, thermophilic bacteria 
did not develop, and the total number of bacteria remained within reason- 
able limits. Chlorine sterilization gave three very high counts during the 
summer period when it is difficult to maintain the strength of the solution. 
In the hands of the average dairyman, the use of chlorine is less satisfactory 
because the rubbers must be free from organic material and the strength of 
the solution regularly checked, if the germicidal quality is to be assured. 


CONCLUSIONS 


1. Heat sterilization of milking machine rubber parts, using water at a 
temperature of 185° F.. and leaving the rubbers in the water for 20 minutes, 
was the most satisfactory method of heat sterilization employed. The life 
of the rubber parts was not materially reduced by this method when com- 
pared with heating at 170° F. for 20 minutes. 

2. When the rubbers were heated at a temperature of 170° F. and held 
at that temperature for 20 minutes, or when they were left in the water to 
cool gradually until next milking time, there was evidence that thermophilic 
bacteria developed. 

3. Chlorine in the solution of 200 parts per million, or sodium hydroxide 
solution of a strength of 0.3 and 0.5 per cent, gave bacteria counts somewhat 
higher than those resulting from heat sterilization at 185° F. They were, 
however, effective in controlling thermophilic bacteria. The life of the 
rubbers with chlorine and with sodium hydroxide sterilization was approxi- 
mately the same. 

4. The life of the teat cup liners resulting from each of the different 
methods of heat sterilization was approximately the same but was 33 per 
cent shorter than when chlorine of a strength of 200 parts per million was 
used. 

5. In chlorine sterilization, the length of service had more influence in 
reducing the life of the rubbers than did cow-hours of operation. 








IRRADIATED MILK: THE INFLUENCE OF FAT CONTENT AND 
TIME OF EXPOSURE ON THE ANTIRACHITIC POTENCY 


G. C. SUPPLEE, G. E. FLANIGAN, anp R. C. BENDER 
The Dry Milk Company Research Laboratories, Bainbridge, New York 
AND 
M. J. DORCAS 
The National Carbon Company, Cleveland, Ohio 


Studies recently reported (1) show that a large percentage of the inci- 
dent ultraviolet rays within the antirachitic range are absorbed by milk 
films less than 0.10 millimeter thick. Notwithstanding this high percentage 
absorption by ‘the immediate surface layers, a relatively high antirachitic 
activity was obtained in less than 2 seconds and in some instances in less 
than 1 second, in rapidly flowing films. The data also revealed that the 
particular conditions of treatment involving the application of radiations of 
high intensity to films of known thickness and rate of flow, imparted 
measurable antirachitiec properties to milk derivatives containing little or 
no butter fat. The degree of activation obtained in milks of variable fat 
content was not in proportion to the amount of fat present. It has been 
shown by Hess and coworkers (2) (3) (4) that clinical, as well as the lab- 
oratory assay, results from milks containing 1.2 per cent butter fat and 3.6 
per cent butter fat were substantially the same when identical methods of 
irradiation were used. In view of the laboratory and clinical evidence, it 
has seemed desirable to obtain further information regarding the anti- 
rachitic activation as influenced by the character and thickness of the milk 
film, the fat content and time of exposure. 


EXPERIMENTAL 


The experimental procedures employed were the same as those already 
reported, wherein a carbon are of the same character and intensity of the 
energy output was used for irradiating milk films on the especially devised 
flow board which permitted the determination of the film thickness, speed 
of flow and volume delivered by the film per unit of time (1). The bio- 
logical data were obtained in the usual manner and the results (Table 1) 
reduced to the same comparable basis previously used (1) (5) (6). 

The results indicate that the maximum antirachitic activity of milk re- 
sulting from direct irradiation does not parallel the fat content. It ap- 
pears, however, that the fat content does influence to a certain but limited 
degree the rate at which the antirachitic properties are imparted to the 
milk. Other conditions being the same during the irradiation of films 0.02 
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millimeter thick a higher antirachitic potency is produced in milks contain- 
ing 3.6 per cent fat and 7.2 per cent fat during the first momentary ex- 
posure (about 1 second) than is produced in milks of lower fat content. 
When the milks of low fat content irradiated in the thinnest obtainable 
films are subjected to longer exposure periods, the antirachitic property is 
increased during a period of about 16 seconds; the period during which 
there is an increase being the longest for the milk containing the 
least amount of fat. The period during which there is an increase in the 
potency of milk containing 3.6 per cent fat (whole milk) appeared to be 
limited to about 8 seconds, under similar conditions of treatment. When 
milk containing 7.2 per cent butter fat is similarly treated there appears to 
be no increase in potency after the first second of exposure. The period 
during which the antirachitic potency of whole milk develops most rapidly 
when irradiated in thicker and more rapidly flowing films, appears not to 
exceed about 2 seconds. This seems to again confirm the conclusion that 
vitamin D synthesis in milk during direct irradiation is substantially in- 
stantaneous in the immediate surface layer. The homogenization of whole 
milk prior to irradiation, whereby the surface area of a unit amount of fat 
exposed to the milk serum is greatly increased, does not permit any signifi- 
cantly greater degree of activation, or increased rate of activation, under 
the conditions used, than does the unhomogenized milk. 

The data presented in this paper clearly indicate that substances con- 
tained in milk other than the milk fat are important factors which deter- 
mine its antirachitic properties during irradiation. It is quite probable 
that a further investigation of such substances will explain wholly, or in 
part, the merits of irradiated milk as shown by the clinical investigations 
of Hess and Lewis (3) (4), and others. The rapidity of vitamin D syn- 
thesis during momentary exposure periods and the failure to induce a 
further significant increase in potency during longer exposure periods, 
raises certain questions regarding the mechanics of activation. A full ex- 
planation of the results may necessitate the consideration of many factors 
concerning the substance or substances affected by radiant energy. Not- 
withstanding the possible influence of the chemical constitution and physi- 
cal relationship of such substances as they exist in milk, the observations 
of Bourdillon et al. (7), Reerink and Van Wijk (8), Marshall and Knudson 
(9) and Windaus e¢ al. (10), are, no doubt, pertinent, in certain respects 
at least, to the results recorded herein. 


CONCLUSIONS 


1. The fat content influences to a certain but limited degree the rate at 
which antirachitic properties are produced in milk by direct irradiation 
with ultraviolet rays. 

2. Milks containing little or no butter fat may be activated to a substan- 
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tial degree, but the degree of potency ultimately obtained is not reached as 
quickly as in those milks containing larger amounts of fat. The degree of 
potency attainable in milk with the larger amounts of fat does not increase 
in proportion to the amount of fat present. 

3. Milks containing normal amounts of fat may be activated substan- 
tially to their maximum degree by a momentary. exposure of less than 2 
seconds, if suitable intensity of ultraviolet radiations are applied to films of 
suitable thickness and flow characteristics. 


The authors wish to acknowledge the assistance rendered by Mr. M. R. 
Simonds and Dr. Stefan Ansbacher of the Dry Milk Company Research 
Laboratory Staff during the collection of data reported in this paper. 
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THE EFFECT OF PASTEURIZATION UPON THE VITAMIN C 
CONTENT OF MILK 


C. G. KING anp W. A. WAUGH 
Department of Chemistry, University of Pittsburgh, Pittsburgh, Pa. 


The protection from bacterial infections which is afforded by pasteuri- 
zation of municipal milk supplies is an acknowledged factor of great impor- 
tance. In general those who are actively working in the field of dairy 
science, particularly in relation to public health, are agreed that the advan- 
tages of proper pasteurization greatly outweigh the possible minor disad- 
vantages (1). The further elimination of any apparent disadvantages 
represents important progress insofar as it tends (a) to increase the practice 
of proper pasteurization, or, (b) to improve the quality and quantity of 
milk which is consumed. 

Of the recognized nutritive factors in milk, vitamin C is probably the 
most sensitive to destruction, due primarily to its oxidation. Such oxida- 
tive changes are greatly accelerated by exposure to air at high temperatures 
and by the presence of metallic catalysts, particularly copper (2) (5). 
Hence a quantitative study of the effect of pasteurization upon the vitamin 
C content of milk should provide an extremely sensitive index to possible 
changes in its chemical nature or its nutritive value. 

The present investigation has included a quantitative study of the vita- 
min C content of representative western Pennsylvania market milk as 
received at the pasteurizing plant, and the effect of pasteurization by the 
(a) Electropure, (b) StamVik, and (c) holding processes, each of the three 
units receiving milk from the same. agitated raw milk tank. The primary 
purpose of the investigation was to find whether there was a significant 
amount of vitamin C destroyed during the Electropure or StamVik proc- 
esses of pasteurization. 

The dairy herds supplying milk were chiefly on summer pasture, sup- 
plemented with varying amounts of hay and grain. 


PASTEURIZING EQUIPMENT 


The Electropure pasteurizer (3) (Figure 1) was a small standard com- 
mercial unit (capacity 100 gal. per hour), equipped throughout with 
aluminum piping and fittings. The upper part of the cooler served as a 
heat exchanger, preheating the milk to approximately 125° F., after which 
it passed through a filter and thence to the Electropure heating unit where 
the temperature was raised.to 161-3° F. by the resistance of the upward- 
flowing column of milk (between carbon electrodes, 220 V. A.C.). Having 
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reached the pasteurizing temperature, there was a time interval of 16 
seconds before the milk reached the top of the cooler, the rate of flow: being 
controlled automatically by the speed of a pump which was in turn regu- 
lated by the temperature of the milk leaving the heating chamber. The 
lower section of the cooler was supplied with brine to complete the cooling. 

The StamVik pasteurizer (Figure 2) was a standard commercial unit 
(4) (capacity 500 gal. per hour), also equipped throughout with aluminum 
piping and fittings. The cooler-regenerator and filter equipment was of 
the same type as that in the Electropure unit (entirely aluminum). The 
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essential characteristic of the StamVik process is the heating unit, con- 
structed of a series of hollow aluminum plates, with counter current heating 
of the milk by means of hot water flowing inside the aluminum plates (4). 

The time interval for reaching the pasteurizing temperature in the heat- 
ing unit (161-3° F.) is only 17 seconds, in which respect it approaches the 
Electropure process, where the corresponding interval is approximately 4 
seconds for the unit used. 

During the greater part of the experimental period, pasteurization by 
the holding method was carried out in laboratory-scale equipment. During 
the latter part of the study a commercial pasteurizing vat became available 
(150 gal. capacity), which afforded an opportunity of verifying the results 
obtained on a laboratory scale. Raw milk was drawn from the same tank 
which supplied the other units into a new, heavily-tinned covered milk can 
which was placed in a large vat of hot water adjusted to raise the milk to 
pasteurizing temperature (143-145° F.) in five to ten minutes, with slow 
agitation. As soon as 142° F. was reached, the vat of water was cooled to 
143-5° and held at that temperature for 30 minutes. The milk was then 
cooled quickly over a brine cooler (identical with that used for the milk 
from the other processes) from which bottles were filled and capped and 
placed in refrigeration (40-50° F.) until used. 

During the latter part of the period, normal plant practice was followed 
in pasteurizing for 30 minutes in a commercial covered, tin-lined vat at 
143-5° F. with normal agitation during heating by a rotating hot water 
coil, after which agitation was stopped until the pasteurization was com- 
pleted. It was then agitated slowly as it flowed to the cooler, the bottled 
samples being taken from the bottom of the cooler after about five minutes: 

Samples of raw milk were taken from the same supply used for pasteur- 
izing by the three different methods, and all bottled samples (3 of each per 
day) were placed in a crate together for refrigeration until delivered to 
the laboratory the same day or the following morning. 

Plant operations were carried out by workmen in the dairy who made 
every effort to keep the products as nearly comparable in every way as 
was possible under plant conditions. 


ANIMAL ASSAYS 


Young male guinea-pigs were purchased whose average weight was about 
300 grams. They were placed in individual cages and fed a modified 
Sherman diet (supplemented by cod-liver oil) as a basal vitamin C-free 
ration. The only modification in the basal ration was to decrease the 
amount of milk solids equivalent to 30 cc. of fresh whole milk per day, to 
compensate for the additional supply of milk in test feeding. During a 
preliminary period of 7 to 10 days, the animals were fed a supplement of 
fresh spinach and young, crisp carrots, to assure that they were growing 
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normally, in apparent good health, and in a good state of nutrition at the 
beginning of the test period. Each animal was given 10 ce. of milk for two 
days before the test period began, to accustom it to drinking from a pipette. 
From the beginning of the assay period, the animals received only their 
basal diet and water, supplemented by the 30 cc. of milk being tested, fed 
directly from a pipette. The results of the test are given in table 1. 























TABLE 1 
Feeding test with 30 cc. of milk as the only antiscorbutic 
. NO. ANIMALS A vIvAL oF AVERAGE 
TYPE OF MILK _ NO. OF WEIGHT sunvsvine | 20a Seine SCURVY 
FED ANIMALS IN GRAMS 56-pay Test | REFORE 56 SCORE AT 
pars AUTOPSY 
Raw 8 | 327 3 } 4 | 7.1 
| | | 
Vat Pasteurived..| 8 | 32 | oO | oF | 148 
| | | 
| 
Electropure ‘‘ 8 | 332 2 44 7.0 
StamVik ‘ .. | . | 327 1 aa 8.0 





Realizing that general market milk would be somewhat low in vitamin C 
value, we were reasonably sure that 30 ce. per day would not be adequate 
for complete protection (5). Feeding larger quantities, up to the amount 
required for full protection, e.g., 60 to 80 ce., involves keeping the animals 
on practically a whole-milk diet, which is not suitable for animals accus- 
tomed to a diet high in roughage. Hence we decided to use one series of 
animals receiving only the 30 cc. of milk supplement, and another receiving 
milk and an additional supplement of orange juice. The former furnished 
a basis for direct comparison based upon survival and weight change, and 
the latter served to raise the total vitamin intake to a level which permitted 
better survival and growth, and consequently a more satisfactory basis for 
evaluating small differences. Each group received exactly the same sup- 
plement of orange juice. 

The animals receiving orange juice were fed carefully from graduated 
pipettes, so that all received exactly the same amount—the quantity being 
gauged to keep most of the animals from losing weight or developing severe 
seurvy. The milk supplement was raised from 15 to 30 cc. for these groups 
on the 28th day. In earlier studies with the pure vitamin (6) it has been 
found that a daily intake of 0.5 mg. per day provides an excellent level for 
quantitative interpretation. Approximately such a level was provided by 
feeding 15 to 30 ce. of milk and 0.5 to 1.0 ce. of orange juice daily. For 
assaying and comparing foods which are relatively low in vitamin C, we 
believe such a procedure has a distinct advantage, in that it (a) permits the 
animals to receive a more nearly normal dietary, (b) supplies a vitamin 
level most sensitive to assay differences, and (c) provides a marked economy 
in feeding time. Table 2 furnishes a summary of the results obtained. 
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TABLE 2 
Feeding test, milk supplemented by 1 to 2 cc. of orange juice 
AVER. SUB- 
NO. ANIMALS| VIVAL OF AVERAGE 
TYPE OF MILK NO. OF WEIGHT SCURVY 
FED ANIMALS IN GRAMS ieee ey SCORE AT 
pars AUTOPSY 
SESE 7 290 2 37 1.8 
Vat Pasteurized .. 7 296 7 7.0 
Electropure ‘‘ 7 314 7 14 
StamVik e 7 317 5 1.8 




















TITRATION OF VITAMIN C 


The oxidation-reduction indicator, 2, 6-dichlorophenolindophenol, intro- 
duced by Mansfield Clark and associates (7), was first adapted for vitamin 
C titration by Tillmans and associates (8). With reasonable reservation 
in considering possible interfering substances, we have found the method 
to be applicable for studying most plant and animal tissues. Details to be 
followed in using the indicator and data obtained by its use have been given 
in another paper (9). The titration of vitamin C in milk proved to be 
relatively satisfactory in the presence of trichloroacetic acid and furnished 
data in good agreement with the animal feeding tests, as shown by the sum- 
mary of the titrations given in table 3. 


TABLE 3 
Direct titration of vitamin C in milk 





APPROXIMATE TITRATION VALUE 


TYPE OF MILE MG. VITAMIN PER 10 cc. 





Raw 0.10 








Vat Pasteurized 0.04 


0.10 
StamVik Pasteurized ..... 0.10 


Electropure Pasteurized 











DISCUSSION OF RESULTS 


It has been shown in previous investigations (3) (5) that prolonged 
heating of milk exposed to air tends to destroy vitamin C more severely 
than heating to the boiling point for a short time. In the Electropure and 
StamVik processes there is only a very short interval for preheating and 
pasteurizing (16 seconds after reaching 162° F.) during which time the 
milk is protected from air. The time of exposure as the milk flows over the 
surface cooler is approximately 6 seconds. This, together with the use of 
aluminum equipment probably accounts for the finding that there was no 
significant loss in vitamin C as a result of pasteurization by either process. 
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The same conclusion is even more definitely indicated by the direct chemical 
titration data. 

Although the animal assay of milk pasteurized by the holding method 
included that from a commercial unit and in part that from a laboratory 
unit, there was no evident change in the animal response when the type of 
pasteurizer was changed, and it is believed that there was no significant 
difference in the results with laboratory and commercial equipment. Fre- 
quent titrations of the two products with the dye-indicator would have 
demonstrated even smaller differences that could be detected by animal 
assays. A further study of vitamin C destruction by other pasteurization 
methods and with different types of equipment will be reported in the near 
future. 

The degree of protection from scurvy afforded by 30 cc. of raw milk is 
in good agreement with previous data on the vitamin content of cow’s milk 
and also in good agreement with the data obtained by direct chemical 
titration. 

The destruction of a significant portion of the vitamin C content by slow 
pasteurization is accounted for by the prolonged opportunity for oxidation, 
resulting in part from exposure to air and perhaps in part by a greater 
exposure to metals, especially where small quantities of copper may be 
picked up from well-tinned commercial equipment such as used in the 
present study. 

In view of the relatively rapid depletion of vitamin C from the body 
tissues when the diet is deficient, and in view of the fact that considerable 
numbers of children and infants receive only haphazard supplies of supple- 
mentary antiscorbutic foods when on a high-milk diet, it is an item of 
importance to conserve the vitamin content naturally provided. Unfor- 
tunately, a large portion of our population does not yet realize the need for 
providing special antiscorbutic foods to very young children deprived of 
mother’s milk. Although clinical survey is not considered common in 
America, it does occur occasionally, and there is good evidence to indicate 
that vitamin deficiencies are significant in relation to health at levels far 
above those characterized by the so-called deficiency diseases (5) (9) (10). 
Dalldorf has reported finding an incidence of ‘‘latent scurvy’’ revealed by 
weakened blood capillaries, reaching 35 to 66 per cent of the children in 
poor families in New York (11). 

The poorer survival on an equal dietary level shown by the animals 
receiving raw milk was apparently due entirely to the higher incidence of 
infections in this group. The experimental work was carried out during 
July and August when the bacterial counts were relatively high. The 
animals receiving pasteurized milk had an advantage in being protected 
from infectious types of organisms almost certain to be present in a general 
raw milk supply. Such biological factors serve to emphasize the value of 
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knowing the chemical nature of the vitamins and of having available chemi- 
cal methods of estimation. The scurvy scores of the animals furnish a 
fairly specific indication of their nutritive condition, however, so that the 
above interpretation of vitamin C intake on the different types of milk was 
not misinterpreted by variations in survival alone. 

The authors believe that the above experimental record gives strong 
evidence against the suggestion occasionally made that pasteurization neces- 
sarily brings about a significant impairment in the nutritive value of milk. 
It is unlikely that there is any essential nutritive factor present which is 
less stable than vitamin C, but there is constantly accumulating evidence 
for the need of protection from infections (12). 


SUMMARY 


There is no significant destruction of vitamin C in milk by the Electro- 
pure (electrical conductivity) or StamVik (flash contact) methods of pas- 
teurization when all-aluminum equipment is used. This is probably due 
to: (a) a very short heating time, (b) methods of heating, (c) protection 
from atmospheric oxidation during heating, and (d) a minimum exposure 
to metals which catalyse oxidation. 

The finding is based upon two series of animal assays of the raw and 
pasteurized milk and also upon titration of the vitamin by means of 2, 6- 
dichlorophenolindophenol. 

Pasteurization of milk from the same tank either on a laboratory scale 
or in a commercial vat at 143-5° for 30 min. resulted in a significant 
destruction of vitamin C. 

The importance of conserving the natural vitamin C content of milk 
during pasteurization has been indicated. 
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RATE OF GROWTH AND ACID PRODUCTION OF 
STREPTOCOCCUS LACTIS 


J. M. SHERMAN anv H. M. HODGE 
Cornell University, Ithaca, New York 


Evidence has been published elsewhere which indicates that slow growth 
enables an organism to better adapt itself to its environment and hence to 
exhibit greater viability when exposed to deleterious environmental factors. 
It has also been pointed out that among bacteria and higher organisms those 
species which have become adapted to growth under conditions which are 
unfavorable for most forms of life have relatively slow rates of growth." 

If this hypothesis is correct, it is logical to expect that with any given 
organism the more slowly growing strains should show greater tolerance for 
the environmental impediments with which it has had to contend during its 
course of evolution. In the case of Streptococcus lactis, acidity is the most 
obvious limitation to growth under the only natural conditions we know 
it—in milk and milk products. With this thought in mind, we have at- 
tempted to learn whether or not there does exist a relationship between rate 
of growth and total acid producing power (acid tolerance) in Streptococ- 
cus lactis. 

While we do not wish to draw sweeping conclusions from the small body 
of data contained in this note, it is presented for what it may be worth 
as a contribution to the general problem and, also, because it is barely pos- 
sible that this line of approach might yield useful results in the selection 
and development of strains of Streptococcus lactis for certain dairy pur- 
poses. 

An obvious way to test the theory would be to isolate a number of cul- 
tures of Streptococcus lactis and determine the rate of growth and acid pro- 
ducing power of each. This procedure was not considered sound, and was 
not attempted, because in a given pure culture there may be slow and 
rapidly growing strains, one of which would give the culture the char- 
acteristic of fast growth and the other that of acid tolerance. (However, 
it may be mentioned incidentally that of the two cultures used in this study 
the one which grew more slowly had the ability to produce the greater 
amount of acid.) It is apparent that in any given culture, unless very old, 
the fastest growing strains would be present in greatest numbers, while 
the strains which have a slower rate of reproduction would naturally occur 
in smaller numbers. With this fact in mind it was reasoned that, if our 
working hypothesis is correct, two things should be demonstratable : 

Received for publication March 22, 1934. 
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(1) If a series of flasks of sterile milk were inoculated from a milk cul- 
ture of Streptococcus lactis in amounts ranging from say 1 ee. to 10° ce., a 
greater amount of acid should be produced in those receiving the larger 
inocula. The reason for expecting this result is that in the high dilutions of 
the original culture there would be present only the most rapidly growing 
strains which, according to the hypothesis under test, could not endure such 
a high degree of acidity. 

(2) If a culture of Streptococcus lactis were grown in milk with very 
frequent transfer for a period of time, the resulting culture should have a 
lower acid producing power than the original culture ; and, further, contrary 
to the above case, the amounts of acid produced from varying amounts of 
inocula should be more nearly the same. The reason for expecting these 
results is simply that with frequent transfers the slow growing strains would 
be ‘‘ weeded out’’ and left behind so that the resulting culture would contain 
only fast growing organisms. 

A laboratory stock culture of Streptococcus lactis (No. 8) 24 hours old 
in litmus milk was inoculated into flasks of sterile skimmed milk, the inocula 
varying in amount from 1 ce. to 10-* ec. These flasks, sealed with sterile 
rubber stoppers, were incubated at 37° C. for 7 days and then titrated for 
total acidity. Quadruplicate flasks were inoculated with each dilution. The 
original culture was then carried in litmus milk at laboratory temperature 
with 12-hour subculturing for ten transfers; this being done in test tubes 
containing about ten cc. of milk and transfers made with an ordinary inocu- 
lating loop. At the end of this period, flasks of sterile skimmed milk were 
inoculated with this culture for acid production as in the case of the parent 
culture. The results obtained are given in table 1. 

An inspection of these data shows that the predicted results were ob- 
tained: (1) The amount of acid produced by the original culture decreased 
with the size of the inoculum. (2) A similar variation in acid production 














TABLE 1 
Acid Production by Varying Amounts of Streptococcus lactis (No. 8) 
PER CENT ACID AS LACTIC ACID 
INOCULUM (CC.) 24-hour Serial 12-hour 
Stock Culture Culture 
1 0.82 | 0.71 
10+ 0.76 0.71 
10“ 0.75 0.70 
10-* | 0.76 0.69 
10-* 0.75 | 0.68 
10-+* 0.76 0.70 
10-* 0.76 0.69 
10-" 0.78 0.68 


10“ 0.72 No growth 
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with size of inocula did not occur in the serial 12-hour culture; nor was the 
amount of acid produced from the 1 ce. inoculum as great asin the case of 
the original culture. 

The experiment was repeated using another strain of Streptococcus lactis 
(No. 21) with similar results (table 2). 


TABLE 2 
Acid Production by Varying Amounts of Streptococcus lactis (No. 21) 





PER CENT ACID AS LACTIC ACID 





INOCULUM (CC.) 











« 24-hour Serial 12-hour 
Stock Culture Culture 
1 0.71 0.63 
10- 0.67 0.62 
10” 0.65 0.62 
10+ 0.65 0.62 
10“ 0.65 0.61 
10+ 0.64 0.62 
10+ 0.65 0.63 
10-" 0.65 0.62 
10“ No growth 0.62 





It is of course possible that the decreasing amounts of acid produced 
with decreasing amounts of culture is-due to some unrecognized factor and 
not to a negative correlation between rapidity of growth and acid tolerance. 
If such is the case, it is still difficult to explain why the same phenomenon 
is not found in the serial 12-hour culture; and also why a smaller amount 
of acid is produced from a one cc. amount of this culture than from a similar 
amount of the parent culture. 

One point should be mentioned, however, which made us somewhat skep- 
tical about our interpretation of these facts—the marked decrease in amount 
of acid produced fram an inoculum of 0.1 ce. as compared with 1 ce. of the 
original cultures. Though mathematically possible, it is difficult to believe 
that organisms which are present in numbers of less than ten per cc. in a 
24-hour culture could increase sufficiently within seven days to have a 
measurable effect upon the final acidity. On the other hand, it is entirely 
possible that when the initial seeding of the slowly growing strains is very 
small they would be inhibited by the rapidly growing organisms, as was 
shown by Rogers? in a study of the inhibition of Lactobacillus bulgaricus by 
Streptococcus lactis. 

In order to settle that point and test further our interpretation of these 
results another experiment was performed: Instead of using a 24-hour 
stock culture, it was tested after incubation for seven days at 37° C. If the 
higher acidity is produced by slower growing strains, there should be no 


2 Rogers, L. A. Jour. Bact. 16: 321. 1928. 





500 J. M. SHERMAN AND H. M. HODGE 


difference in the amounts of acid produced from differing amounts of the 
culture under these conditions, as the slowly growing organisms should be 
present in large numbers. The results of this experiment with the two stock 
cultures are given in table 3. 


TABLE 3 
Acid Production by Varying Amounts of Aged Cultures of Streptococcus lactis 





PER CENT ACID AS LACTIC ACID 





INOCULUM (CC.) 











Culture Culture 
No. 8 No. 2 
1 0.79 0.77 
10> 0.79 0.77 
10-7 0.79 0.77 
10° 0.79 0.77 
10-* 0.79 77 
10“ 0.78 No growth 
10-* 0.79 No growth 
10" | No growth No growth 





It will be noted from these data that in the case of a seven days’ old cul- 
ture, varying the amount of the inoculum did not change the final degree of 
acidity produced. This would appear to add distinct weight to the hypo- 
thesis that slow growth is associated with greater acid producing power. 

A word of explanation should be added: This conclusion does not mean 
that there will be a rigid correlation between growth rate and acid produc- 
tion when various cultures of Streptococcus lactis are compared with each 
other. It is probable that many strains could be found which have slow 
growth rates and feeble acid froducing power. However important the 
rate of growth may be, it is likely to prove of less significance than inheri- 
tance, even among bacteria. 

SUMMARY 


By segregating the fast growing strains from those which grow more 
slowly in stock cultures of Streptococcus lactis, it has been shown that slow 
growth is associated with greater acid tolerance. 

The conclusion is drawn that such a relationship exists among strains of 
the same genetic constitution. 
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During the past few years, research has been under way in the dairy 
chemistry laboratory at Cornell University directed toward the commercial 
production of beta lactose, an optical isomer of ordinary lactose. While 
working on that problem, the need for more data regarding the physical 
properties of lactose became evident. A search of the literature revealed 
that information on some subjects was entirely lacking; on others, the data 
were discordant ; and in a few cases, the data found were suspected of error. 

For these reasons, a series of researches were undertaken with the pur- 
pose of searching for errors in the literature, and of gathering new data 
which might serve as a basis for future research on lactose. The results of 
some of these investigations are reported in this series of papers on the 
physico-chemical properties of lactose. 

No attempt will be made to give a complete review of the literature deal- 
ing with lactose. Such a review has already been published by Whittier 
(30). However, references to papers on special topics will be given as 
they are needed. 

Before discussing the experimental work, it seems desirable to describe, 
briefly, the various modifications of lactose, and the terminology used to 
describe them. Lactose, or milk sugar, is a disaccharide having a free 
aldehyde group. Accordingly, two isomeric forms are known. The form 
having the higher optical rotation is known as alpha lactose; the form hav- 
ing the lower rotation is termed beta lactose. In aqueous solutions, an 
equilibrium is established between these two forms. The relative amounts 
of the two sugars present at equilibrium varies with the temperature. This 
mixture is referred to as equilibrium lactose, or as equilibrium mixture. 

The lactose of commerce is a hydrate. In Hudson’s early papers, this 
hydrate was regarded as having two hydroxyl groups on the terminal 
carbon atom. It was, therefore, related equally to both the alpha and beta 
forms. This view was opposed by Lowry (15) and later by Gillis (6), 
and it has apparently been abandoned by Hudson (10). In these papers, 
the hydrate of lactose is regarded as a true hydrate of the alpha form. It 
is referred to as alpha hydrate. 

The anhydrous form of alpha lactose may be prepared by desiccation 
of the hydrate. It has never been prepared by direct crystallization. The 
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beta form of lactose is the stable modification crystallizing from aqueous 
solutions at temperatures above 93° C. It forms anhydrous crystals; no 
hydrate is known. 


INTRODUCTION 


The control of the crystallization of lactose is of considerable industrial 
importance. It is necessary to prevent crystallization in ice cream, because 
it produces the defect known as sandiness (1, 35). It is necessary to pre- 
vent crystallization in spray milk powder in order to avoid caking (27). 
Moreover, the solubility of the powder is greatly decreased when the lactose 
crystallizes. A large part of the lactose is crystallized in sweetened con- 
densed milk, and conditions are so regulated as to secure the smallest 
erystals possible. In the manufacture of lactose it is desirable to secure a 
maximum yield of crystals in a minimum of time, and to secure crystals 
which may be readily washed with a minimum of loss. The manufacture 
of each of these products presents crystallization problems of its own, and 
some of these problems have not yet been satisfactorily solved. 

Because lactose is a mutarotating sugar, its solubility varies with time. 
This was recognized by Urech (28) in 1883, and was studied in detail by 
Hudson (8, 9). Moreover, lactose forms supersaturated solutions quite 
readily (3). These facts make a study of the crystallization of lactose 
more difficult, but more interesting. The results of such a study are re- 
ported in this section. 

A study of supersaturated solutions must be based upon a knowledge 
of the true solubility of lactose. Gillis (7) has published a critical review 
of the values reported in the literature, together with some original data 
of his own. Sharp (22,. page 149) has published a table of interpolated 
values from —30 to 100° C. at 10° intervals. His figures are based upon 
the data of Hudson and of Gillis. 

The phenomena of crystallization have been studied by a number of, 
workers. Unfortunately for our purpose, much of the work has been done 
on crystallization of melts of pure compounds. For the most part, the 
studies have dealt with one component systems but a lactose solution con- 
tains at least two components, if not three, and it is not known, for example, 
how many components should be considered in the crystallization of lactose 
in ice cream. Nevertheless much can be learned by reviewing the results 
obtained by those who worked with the more simple systems. 

Supersaturated solutions have been an object of interest to many. Ost- 
wald (21) reported that supersaturated solutions were of two kinds: those 
which required seeding before crystallization could take place, and those 
which could crystallize spontaneously. He termed the first class metastable, 
and the second class, representing a higher degree of supersaturation, he 
termed labile. Ostwald’s nomenclature has been accepted by many but 
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there has been much dispute as to whether there is any real difference 
between the metastable and the labile states. 

Jones and Shah (13) as a result of their study of solutions of KCl, 
KBr and KI believed in the existence of a definite metastable zone. Leigh- 
ton and Peter (14), who worked with lactose, reported a ‘‘supersolubility 
curve’’ located 30° C. below the true solubility curve. However, Young 
and his coworkers (32, 33, 34) have presented considerable evidence to show 
that the boundary of the labile zone is not a definite one, but that its appar- 
ent position is dependent upon the degree of mechanical shock to which 
the solution is subjected. Jaffe (11) also reported the boundary of the 
labile zone an indefinite one. By repeated filtration and recrystallization, 
he was able to widen the metastable region. He attributed this to the 
removal of insoluble particles which acted as crystal nuclei. 

The existence of metastable and labile zones may be explained in terms 
of the results of Tammann (26). He has shown that crystallization is 
dependent upon two independent factors; first, the appearance of crystal 
nuclei; second, the rate of growth of nuclei after they appear. He has 
also shown that as a melt is cooled below its freezing point, the probability 
of nuclei formation rises gradually to a maximum and then returns to zero. 
This last fact explains the apparent stability of glasses. They are so 
greatly supercooled that the probability of nuclei appearing is very small. 
According to Tammann, the velocity of crystal growth also passes through 
a maximum and approaches zero with sufficient supercooling. Now, if we 
say that the metastable zone is the region where spontaneous crystallization 
will not occur, we must consider it as the zone where the probability of 
nuclei formation is practically zero. On further cooling, the probability 
of nuclei formation increases and the solution passes into the labile zone 
where crystallization may be expected in a reasonable length of time. On 
still further supercooling, the chances of nuclei appearing decrease again, 
and we have solutions which may be considered as being in a glassy state. 
According to this view, there can be no sharp distinction between the labile 
and the metastable solutions. However, if the temperature coefficient of 
probability is sufficiently great, then there might appear to be a sharp line 
dividing the two zones. 

It must be remembered that the degree of supersaturation is not the only 
factor governing the appearance of nuclei. The effect of mechanical shocks 
is often very great. Moreover, Richards (23) has demonstrated that some- 
thing having the properties of a crystal nucleus may exist in solution for 
considerable periods of time. No evidence is available to show that this is 
true of lactose solutions, but it is worth investigating. It is interesting to 
note that Bothell (1) raised this question as far back as 1920 when he 
remarked that if one accepted the opinions which were current regarding 
the crystallization of lactose in ice cream, one would have to believe that 
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lactose solutions which had been crystallized once, were more readily crys- 
tallized a second time. There are a number of observations recorded in the 
literature which apparently support a theory of crystal nuclei resulting 
from the incomplete solution of crystals. As examples of this, Jones and 
Shah (13) found it necessary to boil solutions of alkali halides for ten 
minutes in order to destroy all crystal nuclei, and Miers and Isaac (20) 
found it necessary to heat solutions of sodium chlorate in boiling water for 
48 hours in order to prevent premature crystallization. If it could be 
shown that lactose solutions must be heated, even after all lactose is in 
solution, to destroy these ‘‘ghosts’’ of crystals which induce crystallization 
on cooling, many anomalous results of crystallization might be explained. 

The rate of growth of crystals is independent of the formation of nuclei. 
It is governed by the rate of diffusion to the crystal, and by the speed with 
which molecules can be oriented into the crystal lattice. (Mare (16, 17, 18, 
19) has shown that the process of orientation can be distinguished experi- 
mentally from that of diffusion.) In the case of the crystallization of 
lactose, the rate of transformation of beta to alpha lactose may be a factor 
during the later stages (8). Sharp (22, page 153) has calculated the maxi- 
mum velocity of crystallization at various temperatures as limited by this 
last factor. The influence of pH upon crystallization velocity has been 
measured experimentally by Jenkins (12) and by Troy and Sharp (27). 
Whittier and Gould (31) have published some experimental results show- 
ing the rate of crystallization when the solutions were agitated so vigor- 
ously that diffusion was a minor factor. But there is still need for infor- 
mation regarding the crystallization of lactose in the absence of agitation. 

Mare (18, 19) showed that the presence of a third substance may influ- 
ence the rate of crystallization from solution. Leighton and Peter (14) 
studied the influence of dyes upon the crystallization of lactose. Only 
three out of thirty-nine seemed to have any effect at all, and their action 
was slight. Fujimoto (5) reported that none of the certified dyes had any 
appreciable effect upon the crystallization of lactose, though sucrose and 
gelatine seemed to inhibit crystallization. On the other hand, Dahle (2) 
found no evidence that other sugars, or gelatine, had any influence on the 
erystallization of lactose in ice cream. He believed that the governing 
factor was the lactose content of the mix. This view seems widespread in 
spite of the fact that the concentration of lactose in frozen ice cream is 
independent of its concentration in the mix. 

This study of supersaturated solutions was pursued with several objects 
in mind. It was desired to repeat the work of Leighton and Peter on super- 
solubility, without agitation, to determine whether there is a sharp line 
between the metastable and labile zones, and if it were found to locate it 
as definitely as possible. It was desired to determine at what degree of 
supercooling the probability of nuclei formation passed through a maxi- 
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mum, and to extend the investigation into the zone of glasses, if that were 
possible. It was hoped, also, that information might be gained regarding 
the rate of growth of individual crystals at various degrees of supercooling. 


EXPERIMENTS 


Leighton and Peter determined the degree of supercooling necessary be- 
fore one crystal could initiate a general formation of crystals when the 
solution was shaken. In this study, efforts were made to determine the 
degree of supercooling necessary for nuclei to appear spontaneously, and to 
estimate the number which appeared. This made it necessary to prevent 
a general seeding of the solution by the first crystal to appear. Two meth- 
ods were used to accomplish this: first, crystallization of lactose solutions 
in slender glass tubes; and second, crystallization in the presence of a gel 
which held the crystals in the place where they first appeared. 

In the first experiments, lactose and water were weighed into a series of 
glass tubes, approximately two millimeters inside diameter, which were then 
sealed carefully. After heating in boiling water until all of the lactose was 
dissolved, the tubes were stored horizontally in a room kept at a constant 
temperature. When crystals appeared in these tubes, they fell to the side, 
but their path was so short that little opportunity was given for them to 
initiate a general crystallization. These tubes were examined at intervals 
with a hand lens, and when possible, the number of crystals or of clusters 
was determined. 

This method had the disadvantage that only very small volumes of solu- 
tions could be used, approximately 0.3 grams in each tube. For this reason, 
it was feared that crystallization might not occur in some of the experiments 
where it would take place in a larger volume of solution under the same 
conditions. However, several experiments were carried out by this method. 
The results of one experiment, where the crystallization was allowed to take 
place at 30° C., are shown in table 1. The results of these experiments are 
in agreement with those of Leighton and Peter who found that solutions 
must be supercooled 30° C. in order to initiate crystallization. However, it 
might be stated that in another experiment, tubes 15, 12 and 11 did not 
crystallize after 68 days at 0° C. where the supercooling was as great as 
53° C. Tube 8 contained only one cluster at that time. These results indi- 
eate that the supersolubility curve is at a higher degree of supercooling in 
the case of the more dilute solutions. 

In order to work with larger volumes of solution, another method was 
devised. Preliminary experiments indicate that 0.7 per cent of agar agar 
had no appreciable effect upon the crystallization of lactose, and it gave a 
gel firm enough to hold crystals in suspension. (Friedman (4) found that 
the diffusion of lactose was retarded only slightly in such a gel.) Accord- 
ingly, a 0.7 per cent solution of agar agar was prepared and carefully 
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filtered. The lactose was dissolved in this solution, and from the weights 
of the two components, the temperature of saturation was estimated using 
the table of solubilities compiled by Sharp (22, page 149). Ten ce. por- 
tions of these solutions were placed in test tubes and covered with vaseline 
to prevent evaporation. The test-tubes were heated for three minutes in 
boiling water to destroy all crystal nuclei, and then placed in thermostats 
maintained at suitable temperatures. In the case of the tubes held at 40° C. 
and at 50° C., it was necessary to cool the tubes momentarily to 37° C., to 
allow the agar agar to set. In order to reduce experimental errors, five tubes 
were used for each solution at each temperature. 

Figure 1 shows the solubility curve of lactose, and the mean time ex- 




















TABLE 1 
The appearance. of crystal nuclei at 30° C., in solutions saturated at various temperatures 
— SATURATION NUMBER OF CRYSTALS PRESENT 
NUMBER | T2MPERATURE 10 34 58 136 360 
or hours hours hours hours hours 

— 96° C. TMC TMC TMC TMC TMC 
eek 90 TMC TMC TMC TMC TMC 
— 86 TMC TMC TMC TMC TMC 
Beas 84 29-20 TMC TMC Tuc | TMC 
a. 80 3-3 | TMC | TMC TMC TMC 
~ Ree 75 22-1 Tuc | TMC TMC TMC 
— 66 1 | 2 | 302 TMC TMC 
ae 61 | 1 1 0 0 | TMC 
Sone eS ae i, ee ee ee ee de 
15 538 0 0 0 1 | 0 
. 51 | 0 0 0 | 0 | 0 
8 46 0 1 . o | 0 
1 46 | 0 0 fs | 0 | 0 








TMC = too many to count. 
Double numbers = single crystals first, clusters second. 


pressed in hours for crystallization to commence at various degrees of super- 
cooling. In one or two cases, one tube out of a set failed to crystallize even 
after the lapse of three thousand hours. Such tubes were disregarded in 
calculating the mean time for nuclei to appear. In the great majority of 
cases, the agreement of duplicates was quite satisfactory. The cases where 
no crystals appeared in any one of the set of five tubes after 3000 hours are 
designated by an interrogation mark. The tubes were examined for the 
presence of crystals by revolving before a bright light. The reflection of 
light from the crystals faces made possible the detection of even minute 
erystals. 

A study of these data indicates that the higher the initial concentration 
of the solution, the less supercooling is possible before nuclei formation 











SOME PHYSICO-CHEMICAL -PROPERTIES OF LACTOSE 507 





g 


3 


GRAMS WATE: R 


8 


GRAMS LACTOSE PER J 
8 


% 
S 


20) 











yo o¢ (0 2 30 %0 JO 6 70 8 8 0 
TEMPERATURE 
Fie. 1. THe Sotusuiry Curve or LAcTosE, AND THE Hours REQUIRED FoR CEYS- 
TALS TO APPEAR AT VARIOUS DEGREES OF SUPERCOOLING. 
f indicates no crystals after 3000 hours. 











508 B. L. HERRINGTON 


begins. This is in agreement with the results obtained by the other pro- 
cedure. The data also show that the probability of nuclei formation is 
very small with slight degrees of supercooling, but it rises to a maximum 
and then falls again as the supercooling is increased. This fall is shown 
quite plainly in the case of the solutions saturated at 77° C. and at 57° C. 
It was not possible to cool the other solutions sufficiently to demonstrate this 
effect. These data also substantiate the belief that there is no real differ- 
ence between the labile and the metastable zone with respect to spontaneous 
crystallization. There is no region of supersaturation which can be con- 
sidered as permanently stable, although the probability of crystallization 
taking place may be very small. 

Table 1 shows that the tendency to form clusters increases with the 
degree of supercooling. Examination of the test tubes indicated that, in 
general, there is a greater tendency to form clusters at low temperatures, 
with a given degree of supercooling, and that clustering increases with the 
degree of supercooling. This may explain the results of Leighton and 
Peter (14). They may have measured the cluster forming tendency in- 
stead of the tendency toward spontaneous nuclei formation. When the 
supercooling exceeded a certain value, new crystals would begin to form on 
the surface of the parent crystal and these would be broken away by the 
agitation to form new nuclei for crystal growth. If this is the true ex- 
planation of their results, then their data are applicable to those cases where 
there is vigorous agitation during crystallization but not elsewhere. 

It is of some interest to extend the results shown in figure 1, to the case 
of lactose solutions held at temperatures below zero. Even though pure 
aqueous solutions of lactose can scarcely be expected to behave in the same 
manner as ice cream, yet some valuable suggestions may be obtained. We 
will assume that the water crystallizes out promptly on cooling. The first 
point to be considered is that after ice begins to form, the concentration 
of the solution is independent of its original concentration and depends 
only upon the temperature. Furthermore, after the ice begins to form, the 
unfrozen syrup may be considered as though it were a solution saturated 
at a much higher temperature than was originally the case. It is possible 
to estimate the approximate composition of the unfrozen lactose syrups at 
various temperatures by means of the known molecular depression of the 
freezing-point. The dotted line of figure 1, shows the approximate con- 
centration of such syrups at various temperatures. It is apparent, at once, 
that the experimental data fall in a quite different part of the diagram from 
that which represents the conditions in an ice cream hardening room. How- 
ever, we may say that at temperatures only a few degrees below freezing, 
the chances of spontaneous crystallization do not seem very great. With 
further supercooling, the probability of crystallization increases and must 
pass through a maximum although it is not possible to determine the posi- 
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tion of that maximum from the data now available. At still lower tem- 
peratures, the solution would become more stable since it is moving to the 
left on the chart while the point of maximum nuclei formation seems to be 
moving toward the right as the concentration increases. 

One other point of interest might be considered in connection with figure 
1. Let us suppose that a solution in equilibrium at —30° C. is warmed to 
-—20° C. This might be done in either of two ways. If the temperature 
change occurs very slowly, ice would melt as the temperature rises, diluting 
the solution. The point on the diagram representing the solution would 
move downward along the dotted line t¢é the new temperature. On the 
other hand, if the solution were warmed more rapidly than the melting ice 
could diffuse into the syrup, then the point representing the system would 
not move down along the line, but would move directly out to the — 20° C. 
abscissa. It is not yet possible to predict the relative probabilities of nuclei 
formation at these two points, but if it should happen to be much greater 
in the second case than in the first, then the use of the term ‘‘heat shock’’ 
would be justified, and the need for preventing rapid fluctuations in storage 
temperature would be explained. 

In the case of ice cream, the effect of the sucrose must be considered. In 
frozen ice cream, the total concentration of sugars is independent of the 
original sugar concentration and depends only upon the temperature. The 
concentration of lactose, however, would depend upon the ratio of lactose 
to sucrose as well as upon the temperature. In an average ice cream mix, 
the concentration of lactose in water would be only about one-fourth 
as great as the concentration in a pure lactose solution at the same 
temperature. 

In a frozen mix, the concentration of lactose depends upon the lactose 
sucrose ratio. This fact might well be emphasized for it is one of the most 
important factors governing sandiness in ice cream. Furthermore this 
effect of sucrose has been overlooked entirely by those who have investi- 
gated the effect of sucrose upon the crystallization of lactose above the 
freezing point. 

These experiments on crystallization also gave information regarding 
the rate of crystal growth at various degrees of supercooling in the absence 
of agitation. Accurate measurements were not possible, without disturbing 
the original experiment, but observations showed that if the solutions were 
cooled too much, the rate of crystal growth was greatly diminished, figure 2. 
The maximum rate of crystallization was at approximately 30° C. This 
agrees, in general, with the calculations of Sharp (22, page 153), and with 
the experiments of Whittier and Gould (31). In their cases, the limiting 
factor was the rate of transfer of beta to alpha lactose. However, in these 
experiments, the crystallization was so slow that mutarotation velocities 
must have been of secondary importance. The slow growth at the lower 
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Fie. 2. THE Errect or TEMPERATURE UPON THE RATE oF CRYSTAL GROWTH. 

Two photographs of six tubes containing a lactose solution saturated at 77° C., each 
tube having been stored at a different temperature. From left to right, tubes were stored 
at 0°, 10°, 20°, 30°, 40°, and 50° C. The photographs were taken after 16.5 and 70 hours. 
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temperatures was probably due to a lower diffusion velocity of lactose in 
solution, and to a lower speed of orientation of molecules into the crystal 
lattice. Both of these factors would increase enormously in importance 
when a part of the water was frozen and therefore it seems reasonable to 
assume that in ice cream, the slow speed of mutarotation is of little im- 
portance. Mutarotation does place an upper limit to the rate of crystalliza- 
tion of lactose, but that maximum rate is probably never approached in ice 
cream. In any case, even without mutarotation, it would be possible to 
have two or three per cent of sand in ice cream which would be sufficient to 
render it unmarketable. 

In spray powders, the lactose is not usually crystallized, yet the water 
content is so low that the solution is practically a solid (27). The same 
must be true of ice cream at storage temperatures. It is not possible to pre- 
pare such concentrated solutions by dissolving lactose directly in water, 
therefore other methods were devised by which they could be prepared in 
the laboratory for study. 

According to theory, these glasses might be prepared by cooling a con- 
centrated lactose solution rapidly enough to pass through the metastable 
and labile zones before crystallization began. The glasses could then be con- 
centrated further, if desired, by desiccation at low temperatures. In prac- 
tice, about eight grams of lactose was placed in a 250 cc. Erlenmeyer flask 
with about 15 cc. of water. The solution was then boiled down over a free 
flame until there was imminent danger of crystallization. The flask was 
then connected to a vacuum oven containing a tray of calcium chloride. 
When the stop-cock was opened, the lactose solution was converted into a 
foam which became solid in a few seconds because of the rapid cooling and 
evaporation. The vacuum pump (Hyvac) was allowed to run about one- 
half hour before the flask was disconnected. Then a glass marble was 
placed in the flask and it was tightly stoppered. The flasks used were of 
very heavy pyrex glass. With careful shaking, it was possible to reduce 
the glassy lactose to a fine powder which could easily be transferred to an- 
other container for storage. 

It might be mentioned that success in the preparation of lactose glasses 
by this method seemed to depend partly upon the flask used. In some 
flasks, crystallization invariably began too soon, while boiling off the excess 
water. There was no visible difference in the nature of the glass surfaces 
which could account for this. 

Under the microscope, these lactose preparations resembled ground glass. 
When examined by polarized light, some of the preparations seemed entirely 
free from crystalline material. Other batches showed a small amount of 
doubly refracting material. These glasses absorb moisture rapidly from the 
air, and under the microscope, they appear to melt down to a liquid and 
then recrystallize into solid cakes—see figure 3. Schmoeger (24) observed 
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this behavior of lactose more than 50 years ago. More recently, Troy and 
Sharp (27) have suggested that this is the explanation of the caking of 
milk powders and of the peculiar hydration-dehydration curves found by 
Supplee (25) in his study of milk powders. 

For some purposes, glasses were also prepared by drying lactose solu- 
tions rapidly on a Mojonnier machine in accordance with the procedure 
used for solids in milk. This method had the disadvantage that only small 
amounts, 0.2 gram, could be prepared at one time without having crystal- 
lization occur, and it was practically impossible to recover the glass from 
the dish. 

The moisture content of the glasses, as prepared by the first method, 
ranged from about 3 per cent to about 8 per cent. This was determined 
in two ways. First, by weighing the flask plus lactose, and later weighing 
the flask plus glass ; and second, by drying the glass in a vacuum over P,O,. 
These moisture contents correspond to lactose concentrations as high as 
3200 grams of anhydrous sugar per 100 cc. of water. High as this figure 
seems to be, it corresponds very well to conditions as they exist in a spray 
powder. 

Lactose glasses give up most of their water more rapidly than does alpha 
hydrate. This was clearly shown by one experiment in which samples of 
powdered lactose glass, and of alpha hydrate, having approximately the 
same particle size were dried in a vacuum at room temper@ture over P,O,. 
Figure 4, shows the rates of loss in weight. 

The increased rate of loss by the glass probably accounts for the speed 
with which a Mojonnier solid’s residue can be dried to an apparently con- 
stant weight. However, since lactose glass is a solution, constancy of 
weight does not mean complete dryness but merely the establishment of an 
equilibrium. The lactose glass used in this experiment appeared to contain 
only 6.0 per cent of moisture but it continued to lose weight, very slowly, 
until a total loss of 6.65 per cent was reached. At this point, the vacuum 
oven was heated to 100° C. and held at that temperature for two weeks. 
After this treatment, the total loss was 7.09 per cent. The glass showed no 
discoloration in spite of the treatment which it had received. On the other 
hand, the crystalline lactose had lost only 5.09 per cent of its original weight 
but it had become brown. 

Lactose glasses of low moisture content may be kept in a desiccator for 
indefinite periods without crystallization. If exposed to the air, they take 
up water until crystallization begins, whereupon they lose their excess 
moisture. Usually alpha hydrate is formed, but in some cases, the product 
was apparently beta lactose. Figure 5 shows some typical hydration- 
dehydration curves of pure lactose glasses. The glasses were prepared by 
dissolving a known weight of lactose in two ce. of water and then drying 
the solution rapidly by the Mojonnier procedure (evaporation of free water 
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on a hot plate at 185° C., followed by drying in a vacuum oven at 100° C.). 
The dish containing the residue was weighed on a chainomatic balance and 
then a beaker containing water was placed in the balance case. The door 
of the balance was left raised about one centimeter. Weighings were made 
every ten minutes until the changes in weight became so small that the 
periods were extended. In some cases, the final weights approached 100 
per cent of the original weight, indicating the formation of alpha hydrate. 
In other cases, the final weights were much lower indicating the formation 
of beta lactose. In different experiments percentages of 96.02, 96.56 and 
95.15 were obtained. In each of these cases, the sample was still losing 
weight when the experiment was discontinued. It seemed probable that 
they were approaching the limiting value of 95 per cent corresponding to 
the formation of beta lactose. Direct evidence for the presence of beta 
lactose is lacking, but there is no reason why beta lactose might not be 
formed under these conditions, particularly if the glass became seeded with 
beta during the initial heating period. 

It was hoped that the hydration curves would indicate how much mois- 
ture was necessary before crystallization could take place at room tempera- 
ture. However, no agreement was found between the maximum moisture 
contents reached in the different experiments. This was not surprising, 
since the method used measured the mean moisture content of the sample, 
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while crystallization was determined by the moisture content of the 
most dilute part of the glass. For that reason, high values of moisture 
content at the beginning of crystallization are more significant than low 
values. It might be possible to obtain concordant results by allowing the 
glass to take up moisture very slowly, but it was not considered that such 
a method would prove very satisfactory and it was not tried. 

The crystallization of lactose may be brought about by the addition of 
alcohol to aqueous solutions of the sugar. This method was frequently 
employed, in the preparation of pure lactose, before the complex nature of 
lactose solutions was understood. As an example of this, Walker (29), in 
his study of the determination of reducing sugars, prepared a ‘‘precipi- 
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tated’’ lactose C,,H..0,,:4%H,O. Accordingly, he published tables for 
the reducing power of hydrated, anhydrous and of precipitated lactose. 
His product contained 2.43 per cent of water. 

Casual observation indicated that ‘‘precipitated’’ lactose must vary a 
great deal in its composition, which is a fact of some importance in inter- 
preting the results of some of the early work on lactose. In order to confirm 
this, a microscopic examination was made of the crystals obtained by adding 
different volumes of 95 per cent ethanol to saturated solutions of lactose. 
When the proportion of alcohol was low, only alpha hydrate was precipi- 
tated. When larger proportions of alcohol were used, beta lactose was also 
thrown out of solution. Unless a very large volume of alcohol was used, 
it seems certain that the ‘‘precipitated’’ lactose would always contain an 
excess of the alpha modification. This seems to be true of Walker’s prepa- 
ration if we may judge by the moisture content. 

The fact that precipitated lactose may vary greatly in composition was 
shown clearly by an experiment in which 5 volumes of 95 per cent ethanol 
was added to a saturated solution of lactose at approximately 0° C. The 
resulting solution was analyzed for total solids at 15 minute intervals. The 
data are given in table 2. The concentration fell rapidly at first, due to 
the precipitation of alpha lactose. Then, after an interval of thirty minutes 
without change, beta lactose began to precipitate though the separation of 
beta was not as rapid as that of alpha. 


TABLE 2 
The precipitation of lactose after the addition of five volumes of 95 per cent ethanol to 
one volume of saturated aqueous solution at a temperature of 0° C. 





TIME IN MINUTES PER CENT OF SOLIDS IN SOLUTION 
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SUMMARY 


Lactose solutions may be supercooled greatly without crystallization 
taking place. The degree of supercooling necessary for crystallization to 
occur, in the absence of agitation, is less for concentrated solutions than for 
dilute solutions. 

There is no sharp line dividing the metastable and labile zones in the 
ease of supersaturated lactose solutions. 
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As a solution of lactose is supercooled, the rate of nuclei formation 
passes through a maximum. The temperature of most rapid nuclei forma- 
tion is higher in the case of concentrated solutions. 

The rate of crystal growth passes through a maximum as the tempera- 
ture is lowered. At low temperatures, the rate of crystallization, in the 
absence of agitation, is so slow that mutarotation cannot be the limiting 
factor. 

Lactose solutions may be prepared which are so greatly supersaturated 
as to resémble solids. Such glasses are stable at room temperature, if pro- 
tected from moisture. 

Lactose glasses are hygroscopic, absorbing moisture from the air until 
sufficiently dilute for crystallization to take place. 

Lactose glasses are supersaturated with respect to both alpha hydrate 
and beta anhydride. Either modification may appear when such glasses 
crystallize. 

When desiccated, lactose glasses lose a part of their moisture quickly, 
coming to an apparently constant weight. This probably accounts for the 
success of the Mojonnier method of determining total solids in milk. The 
removal of the last portions of water from such glasses is very slow. 

Lactose precipitated by alcohol is not equilibrium lactose, though it may 
resemble it closely. Alpha lactose is more readily precipitated from solu- 
tion by alcohol than is beta lactose. Consequently, precipitated lactose 
varies in composition. It usually contains a greater proportion of alpha 
lactose than is present in the equilibrium mixture. 
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INFLUENCE OF HOMOGENIZATION ON THE CURD TENSION 
OF MILK* 
D. R. THEOPHILUS, H. C. HaNSEN, aAaND M. B. SPENCER 
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Since the work of Hill (1), 1923, considerable attention has been given 
to the study of soft curd milk. Although it is possible to modify the curd 
character of milk by heating, natural soft curd milk is at present prac- 
tically the sole source of supply. 

As early as 1916 Washburn and Jones (8) studied the values of differ- 
ent grades of milk for infant feeding using pigs as experimental animals. 
After studying the effect of homogenization they concluded, ‘‘The homog- 
enization of the fat does not seem to be helpful, but the casein of the milk 
is sufficiently modified by the application of this process so that possible 
benefit may result from its employment.’’ Ladd (4), 1915, Washburn (9), 
1931, Wallace (7), 1932, and Weisberg et al. (10), 1933, report that homog- 
enization lowers the curd tension of milk. In fact, the National Dairy 
Products Corporation, Inc., was granted a patent (6) in January, 1932, 
covering the production of soft curd milk by homogenization. Dr. Shrader 
(5), president of the Research Laboratories of the company, states that the 
patent office will probably cancel this patent as the company has declined 
to reply to a citation. 

Just what relationship exists between the pressure of homogenization 
and the curd tension of milk has never been established. This work was 
undertaken in an.effort to determine this relationship. 


PROCEDURE 


Milk used in this work was from cows in the University of Idaho dairy 
herd, composed of Holsteins and Jerseys. In no instance was any milk used 
from cows having any physical or bacteriological symptoms of mastitis. 


Part I 


Thirty gallons of milk were dividéd into six split batches. Each of the 
five-gallon batches was heated to 130° Fahrenheit and then homogenized 
at a selected pressure in either a single-stage or two-stage homogenizer. 

Homogenization pressures of 500, 1,000, and 2,000 pounds were used. 
The two-stage homogenizer was operated with the second valve at three- 
fourths the pressure of the first valve. 

Received for publication April 13, 1934. 
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Curd tension was determined within one-half hour after homogenization 
by the method recommended by Hill (2). Ten trials were run. 


Part II 


Five gallons of milk were selected from each of three groups of three 
cows, one group producing relatively high, one medium, and one low curd 
tension milk. Milk with a curd tension above 60 grams was considered as 
relatively high curd tension milk; 30 to 60 grams, relatively medium curd 
tension ; and below 30 grams, low or soft curd milk. Each lot of milk from 
the three groups of cows was heated to 130° Fahrenheit and homogenized 
at 1,000 pounds’ pressure in a single-stage homogenizer. 

Curd tension was determined as in Part I. Ten trials were run with 
each group. 

PRESENTATION OF DATA 


Part I 
Effect of type of homgenizer and pressure of homogenization 


The curd tension of milk was reduced by homogenization, using either a 
single-stage or a two-stage homogenizer at pressures of 500, 1,000, and 2,000 
pounds (Table 1, Figure 1). Increases in homogenizing pressures pro- 
gressively reduced the curd tension. 

A pressure of 500 pounds on the single-stage and two-stage homogenizers 
reduced the curd tension 28.4 and 20.8 per cent respectively. The effect, 


ORIGINAL HOMOGENIZED HOMOGENIZED HOMOGENIZED 
MILK 500 LBS. PRESSURE 1000 LBS. PRESSURE 2000 LBS. PRESSURE 
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however, was particularly noticeable when 1,000 pounds’ pressure was used 
for the curd tension was decreased 46.4 per cent with the single-stage 
homogenizer and 44.3 per cent with the two-stage homogenizer. A further 
reduction in curd tension, approximately 5 and 10 per cent, or 2 and 4 
grams respectively, resulted when the pressure on both homogenizers was 
increased from 1,000 to 2,000 pounds. The reduction in curd tension was 
not proportional to the increase in homogenization pressure. 

There was apparently little difference between the single-stage and the 
two-stage homogenizers in their ability to reduce the curd tension. The 
single-stage homogenizers gave a slightly greater reduction in curd tension 
at both 500 and 1,000 pounds’ pressure than did the two-stage homogenizer. 
At 2,000 pounds’ pressure, however, the two-stage homogenizer caused a 
slightly greater reduction in curd tension. 

These results demonstrate that: first, the curd tension of milk is reduced 
by homogenization at 500, 1,000, and 2,000 pounds’ pressure; second, the 
percentage reduction in curd tension increases with an increase in homog- 
enizing pressure, but the increase in percentage reduction of curd tension 
is not proportional to the increase in pressure of homogenization; and 
third,.there is no appreciable difference in the efficiency of single and two- 
stage homogenizers in the reduction of the curd tension of milk at pressures 
used in this work. 


Part II 
Effect of homogenization on high, medium, and low curd tension milk 

The results of homogenizing relatively high, medium, and low curd ten- 
sion milk in a single-stage homogenizer at 1,000 pounds’ pressure are shown 
in table 2, figure 2. A single-stage homogenizer was ‘used in this phase of 
the work as it was the only one available at the time. The results, however, 
are comparable to those which may be expected from a two-stage homog- 
enizer. A pressure of 1,000 pounds was used because it had been suggested 
by commercial workers and because there was little difference between the 
results obtained with 1,000 and 2,000 pounds’ pressure. 

Results indicate that the percentage reduction in curd tension increases 
with an increase in the curd tension of the unhomogenized milk. The 
average percentage reduction in 10 trials on relatively low, medium, and 
high curd tension milk was 28.9, 38.3, and 48.5 per cent respectively. 


DISCUSSION QF RESULTS 


Considerable interest has developed in the use of soft curd milk for 
infant feeding. If soft curd milk continues to merit the attention of milk 
distributors, more extensive developments along this line could be expected 
if curd tension could be regulated by processing the milk rather than select- 
ing milk from cows naturally producing soft curd milk. 
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Data presented show that the curd tension of milk can be decreased by 
homogenization. There is apparently little difference between the single- 
stage and the two-stage homogenizers in their effectiveness in lowering the 
curd tension of milk. Increasing the pressure of homogenization decreases 
the curd tension, but the decrease in curd tension is not proportional to the 
increase in pressure of homogenization. If 500 pounds’ pressure is used, a 
reduction of about 25 per cent in curd tension may be expected ; with 1,000 
pounds, a reduction of about 46 per cent; and with 2,000 pounds, about 53 
per cent. Results obtained with pressures of 1,000 and 2,000 pounds agree 
with the work of Wallace (4). 

Results also indicate that the higher the curd tension of the unhomoge- 
nized milk, the greater will be the percentage reduction in curd tension. 








524 D. R. THEOPHILUS, H. C. HANSEN AND M. B. SPENCER 


The reduction in curd tension is not great enough to make low curd tension 
milk out of milk with a curd tension above 60 grams, but will usually make 
low curd tension milk out of milk with a curd tension between 30 and 60 
grams. Medium curd tension milk was reduced in curd tension sufficiently 
to fall in the low or soft curd class in 23 out of 31 instances. 

Although Hill (3) questions the use of the homogenizer in the produc- 
tion of soft curd milk, this work indicates that homogenization has commer- 
cial possibilities and might be used for two purposes: first, to further lower 
the curd tension of low curd tension or soft curd milk; and second, to make 
soft curd milk out of milk with a curd tension between 30 and 60 grams. 


SUMMARY 


1. Homogenization at pressures of 500, 1,000, or 2,000 pounds reduced 
the curd tension of milk approximately 25, 46, and 53 per cent respectively. 

2. Single-stage and two-stage homogenizers were equally effective in re- 
ducing the curd tension of milk. 

3. The higher the curd tension of the original milk, the greater was the 
percentage reduction after homogenization. 

4. Homogenization might be used to further lower the curd tension of 
soft curd milk or to make soft curd milk out of milk of medium curd ten- 
sion (30 and 60 grams), or reduce high curd tension milk to medium curd 
tension. 
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